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FORENORD 

Y 

This study was prepared with a venting uncertainty of .0125 as a 
la error. Subsequent to this analysis it was determined that this mag- 
nitude of venting uncertainty was about three times larger than the 
worst expected venting. Consequently, the information contained in 
this report for the translunar dispersion is approximately two to three 
times larger than expected. However, due to this and other analyses 
for this mission, it is recommended that, whenever possible, the venting 
be inhibited. 
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APOLLO 8 SPACECRAFT DISPERSION ANALYSIS 

VOLUME I - DISPERSION SUMMARY 

By R .  Leroy McHenry 

SUMMARY 

A spacec ra f t  d i spe r s ion  ana lys i s  f o r  t h e  Apollo 8 mission i s  pre- 
s en ted  i n  t h i s  r e p o r t .  The f i r s t  phase of t h e  d i spe r s ion  a n a l y s i s  c o n s i s t s  
of t r a n s l u n a r  midcourse co r rec t ions  performed by e i t h e r  t h e  SPS or RCS 
engines  of t h e  CSM. 
maneuver [ LO1 (1 ) 1 and i s  followed by t h e  c i r c u l a r i z a t i o n  maneuver 
[LOI(2)]  and t h e  t r a n s e a r t h  i n j e c t i o n  maneuver ( T E I ) .  The t h i r d  
t r a j e c t o r y  phase i s  t h e  t r a n s e a r t h  p o r t i o n  which a l s o  c o n s i s t s  of 
midcourse c o r r e c t i o n s ,  and t h e  f i n a l  phase i s  r e e n t r y ,  which begins  
wi th  e n t r y  i n t e r f a c e  and te rmina tes  a t  landing .  

The second phase begins  a t  t h e  l u n a r  o r b i t  i n s e r t i o n  

A continuous spacecraf t  vent of 0.0125 l b  of t h r u s t  w a s  s imulated 
i n  t h e  d i s p e r s i o n  a n a l y s i s  and appl ied along t h e  v e l o c i t y  vec to r  dur ing  
t h e  t r a n s l u n a r  coas t  pe r iod .  The a n a l y s i s  i n d i c a t e s  t h a t  a f72-n. m i .  
( k3a )  d i s p e r s i o n  i n  t h e  per icynthion a l t i t u d e  a f t e r  t h e  f i r s t  midcourse 
c o r r e c t i o n  can be a t t r i b u t e d  t o  t h e  e f f e c t  of  t h i s  spacec ra f t  vent ing  
on t h e  increased  naviga t ion  u n c e r t a i n t i e s .  
pe r i cyn th ion  a l t i t u d e  a f t e r  t h e  second and t h i r d  midcourse maneuvers i s  
reduced considerably.  Af te r  t h e  f o u r t h  midcourse, t h i s  u n c e r t a i n t y  
i s  +20 n.  m i .  (+30). Venting of t h i s  magnitude and i n  t h e  d i r e c t i o n  
a long  t h e  v e l o c i t y  vec tor  i s  a w o r s t  c a se  cond i t ion .  

The 30 d i s p e r s i o n  i n  

Another important cons idera t ion  i s  t h e  f a c t  t h a t  f o r  SPS burns 
of  less t h a n  6-seconds du ra t ion ,  t h e  CMC s h o r t  burn l o g i c  does not 
r e p r e s e n t  t h e  performance of t h e  p a r t i c u l a r  SPS engine used for t h i s  
miss ion .  

w i l l  occur  f o r  maneuvers of t h i s  t y p e .  

Therefore ,  V r e s i d u a l s  t h a t  are a func t ion  of t h e  burn t i m e  
g 

INTRODUCTION 

This  d i s p e r s i o n  a n a l y s i s  was performed on t h e  Apollo 8 mission as 
de f ined  i n  r e fe rence  1. Two hundred random t r a n s l u n a r  t r a j e c t o r i e s  
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matr ix  

were simulated f o r  t h e  end t o  end d i s p e r s i o n  a n a l y s i s  of t h e  f i r s t  
phase of t h e  Apollo 8 mission.  Each s imula t ion  w a s  i n i t i a t e d  wi th  
random s t a t e  vector  e r r o r s  which were obta ined  from t h e  covariance 
of  a c t u a l  TLI  s t a t e  vec to r  dev ia t ions  ( t a b l e  I ) .  Translunar  midcourse 
c o r r e c t i o n s  were t a r g e t e d  f o r  nominal p o s i t i o n  and t i m e  of nodal passage 
of t h e  approach hyperbola and t h e  luna r  o r b i t  p lane .  The s imula t ions  
inc lude  not only t h e  e f f e c t s  of MSFN naviga t ion  e r r o r s  and midcourse 
execut ion  errors, bu t  a l s o  t h e  e f f e c t s  of continuous spacec ra f t  ven t ing .  
The amount of  t h r u s t  due t o  vent ing  was randomized t o  be  approximately 
0.0125 l b  and app l i ed  along t h e  v e l o c i t y  v e c t o r  for each s imula t ion .  

The d i spe r s ion  ana lyses  of t h e  L O I ( 1 )  maneuver, LOI(2) maneuver, 
and t h e  t r a n s e a r t h  i n j e c t i o n  maneuver were performed by s imula t ing  
200 powered-flight t r a j e c t o r i e s  f o r  each maneuver. Covariance ma t r i ces  
( t a b l e s  11, 111, and I V )  were used i n  i n i t i a l i z i n g  t h e  s t a t e  vec to r  
e r r o r s .  These e r r o r s  i n  i n i t i a l  condi t ions  a r e  t h e  MSFN naviga t ion  
u n c e r t a i n t i e s .  The Mathematical Physics  Branch (Mission Planning and 
Analysis  Div is ion)  suppl ied  t h e s e  covariance ma t r i ces .  

The t r a n s e a r t h  end-to-end d i spe r s ion  a n a l y s i s  w a s  performed i n  a 
manner similar t o  t h e  t r ans luna r  d i s p e r s i o n  a n a l y s i s .  The covariance 
ma t r ix  ( t a b l e  V )  w a s  obtained from t h e  T E I  d i s p e r s i o n  a n a l y s i s  and 
used t o  ob ta in  i n i t i a l  s ta te  vec tor  e r r o r s  f o r  t h e  t r a n s e a r t h  d i s p e r s i o n  
a n a l y s i s  . 

Transear th  midcourse co r rec t ions  were t a r g e t e d  t o  t h e  nominal e n t r y  
f l i g h t - p a t h  angle .  Only t h e  e f f e c t s  of naviga t ion  e r r o r s  and midcourse 
e r r o r s  were s imulated.  Spacecraf t  vent ing  w a s  not modeled f o r  t h e  
t r a n s e a r t h  s imula t ions .  

The launch pad REFSMMAT w a s  used t o  a l i g n  t h e  PGNCS f o r  t h e  f i r s t  
t h r e e  midcourse maneuvers of t h e  t r a n s l u n a r  phase.  For t h e  f o u r t h  
t r a n s l u n a r  midcourse co r rec t  ion  ( M C C - 4 )  , LO1 (1) , LO1 (2), T E I ,  and t h e  
f i r s t  t h r e e  t r a n s e a r t h  midcourse c o r r e c t i o n  maneuvers, t h e  LOI(2) 
p r e f e r r e d  REFSMMAT w a s  used.  For t h e  f o u r t h  t r a n s e a r t h  midcourse 
c o r r e c t i o n  and r e e n t r y  phase,  t h e  e n t r y  REFSMMAT w a s  used.  A l l  maneuvers 
were simulated under t h e  con t ro l  of t h e  PGNCS. 

The t r ans luna r  and t r a n s e a r t h  midcourse c o r r e c t i o n s  summarized i n  
t a b l e s  V I 1  through X and XV through XVIII r ep resen t  t h e  d i s p e r s i o n s  
f o r  t h e  l a r g e s t  targets ( r e f .  2 )  f o r  each maneuver. These a r e  presented  
as they  are i n d i c a t i v e  of t h e  l a r g e s t  d i spe r s ions  for t h e  I M U .  
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SYMBOLS 

CMC 

CSM 

IMU 

LO1 (1 

LOI(2) 

MCC 

MSFN 

PGNC S 

PGNCS /DAP 

REFSMMAT 

RCS 

SPS 

S-IVB 

T E I  

T L I  

V 
g 

command module comput e r  

command and s e r v i c e  modules 

i n e r t i a l  measurement u n i t  

l una r  o r b i t  i n s e r t  i on  

luna r  o r b i t  c i r c u l a r i z a t i o n  

midcourse c o r r e c t i o n  

Manned Space F l i g h t  Network 

primary guidance and nav iga t ion  
c o n t r o l  system 

PGNCS d i g i t a l  a u t o p i l o t  

r e fe rence  s t a b l e  member ma t r ix  

r e a c t i o n  c o n t r o l  system 

s e r v i c e  propuls ion  system 

Saturn  I V B  launch v e h i c l e  

t r a n s e a r t h  i n j e c t  ion  

t r a n s l u n a r  i n j e c t i o n  

v e l o c i t y  t o  be  gained whose components are  
( V g ) x ,  ( V g ) y  and ( V  ) 

g =  

COORDINATE SYSTEMS 

The coord ina te  systems used are as fo l lows:  

Local v e r t i c a l / l o c a l  h o r i z o n t a l  coord ina tes :  
- 
x = (F x V) x r' - - -  
y = z x x  
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u-v-w coord ina tes  

u = r  
- 

v = u x w  

w = u x v  

where F = p o s i t i o n  vec to r  i n  i n e r t i a l  coord ina tes  

= v e l o c i t y  vec tor  i n  i n e r t i a l  coord ina tes  

SUMMARY OF EXROR SOURCES 

The following i s  a summary of t h e  e r r o r  sources  used i n  t h e  
d i spe r s ion  ana lys i s .  A l l  values are l a .  

IMU platform misalignments 

( X , Y , Z ) , d e g  . . . . . . . . . . . . . .  
Accelerometer e r r o r s  (PGNCS) : 

Biases ( X ,  Y ,  Z), f t / s e c 2  . . . . . . . . .  
Misalignments (XY, XZ, YX, YZ, ZX, ZY), 

( d e g / s e c ) / ( f t / s e c )  . . . . . . . . . . . .  
Sca le  f a c t o r  (x, Y ,  Z) . . . . . . . . . . .  
Nonlinear i ty  c o e f f i c i e n t  ( X ,  Y ,  Z) . . . . .  

Gyro e r r o r s  ( P G N C S )  : 

Bias d r i f t  (X, Y, Z ) ,  deg/sec . . . . . . .  
Unbalance i n  gyro input  axis ( X ,  Y, Z), 

Unbalance i n  gyro s p i n  r e fe rence  a x i s  
(deg/sec ) / ( f t  /see ) . . . . . . . . . . .  
(X, Y, Z )  . ( d e g / s e c ) / ( f t / s e c 2 )  . . . . . .  

Vehicle  performance e r r o r s  : 

I n i t i a l  misalignment ( p i t c h  and yaw), 
deg . . . . . . . . . . . . . . . . . . .  

SPS t h r u s t ,  l b  . . . . . . . . . . . . . . .  
SPS spec i f i c  impulse, sec  . . . . . . . . .  
SPS t a i l o f f  u n c e r t a i n t y ,  sec . . . . . . . .  
SPS engine m i s t r i m  ( p i t c h  and y a w ) ,  

deg . . . . . . . . . . . . . . . . . . .  

0.01459 

0.00656 

0.00556 

3.125 x lom7 
0.000116 

8.356 x l oe6  

1.039 x 

6.488 x 

0.167 
66.9 
0.531 
0.040 

0.333 

a 

Venting t h r u s t  of CSM, l b  . . . . . . . . . .  0.0125 
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COVARIANCE MATRIX FORMAT 

The format f o r  t h e  symmetric covar iance  mat r ices  (u-v-w coord ina te s )  

P- 

0 0  u u  

V v  

uv'w w w  

5 0  u v  

0 0  0 0  u w  

0 U' u u- 0 u- u * u *  u u  v u  w u  u u  

0 0 -  u 0 .  u u= U - 0 -  0.0-  u v  v v  w v  u v  v v  

0 u* 0 U' 0 0' U * 0 *  0-a.  a * a *  u w  v w  w w  u w  v w  w w  
c 

DISCUSSION OF RESULTS 

TLI 

The 30 dev ia t ions  at  TLI cutoff are presented  i n  t ab le  V I .  A 
covar iance  ma t r ix  of state vec tor  dev ia t ions  caused by launch v e h i c l e  
d i s p e r s i o n s  i s  presented i n  t a b l e  I .  I n i t i a l  s ta te  vec to r  e r r o r s  f o r  
t h e  t r a n s l u n a r  t r a j e c t o r y  d i spe r s ion  a n a l y s i s  were randomized from 
t h i s  covariance mat r ix .  

MCC-1 

/ 

The f i r s t  t r a n s l u n a r  midcourse c o r r e c t i o n  i s  presented i n  t ab le  V I 1  
and r e p r e s e n t s  t h e  f i r s t  midcourse c o r r e c t i o n  a t  TLI-plus-6-hours. 
maneuver presented  i s  r ep resen ta t ive  of SPS burns of g r e a t e r  t han  
6-seconds du ra t ion .  
i s sued  and t h e  t a i l o f f  impulse i s  adequate ly  compensated for. I n  
table  V I 1  t h e  0.44 f p s  ( V  ) 

t a i l o f f  impulse,  while  the  (V and ( V  residuals are cross-ax is  

The 

For maneuvers of t h i s  t y p e  guidance commands are 

r e s i d u a l  i s  due t o  t h e  unce r t a in ty  i n  

g Y  g z  

g x  

v e l o c i t y  e r r o r s .  

The 30 u n c e r t a i n t y  i n  per icynthion a l t i t u d e  of 7 2  n.  m i .  i s  
p r imar i ly  due t o  continuous spacecraf t  ven t ing  along t h e  v e l o c i t y  vec to r  
dur ing  t r a n s l u n a r  f l i g h t .  I f  vent ing along t h e  v e l o c i t y  vec to r  i s  
r e a l i s t i c ,  t h e n  w i t h  no o ther  co r rec t ions  l u n a r  impact could occur .  
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Table X p re sen t s  d a t a  f o r  t h e  f o u r t h  t r a n s l u n a r  midcourse maneuver 
a t  8 hours before  LOI(1). The CMC-calculated burn t ime f o r  t h i s  
maneuver i s  2.72 seconds,  which l i e s  i n  t h e  range (1 t o  6 seconds) f o r  
t h e  SPS shor t  burn l o g i c .  No guidance s t e e r i n g  commands are  i ssued  
f o r  maneuvers of t h i s  t ype .  The CMC compensates for t h e  t o t a l  impulse 
equiva len t  t o  a n  SPS engine which has a 20 500 l b - th rus t  and a p rope l l an t  
f low r a t e  of 63.8 l b / s e c .  However, t h e  SPS t h r u s t  and p rope l l an t  f low 
ra te  i n  re ference  3 i s  20 908 lb and 66.543 l b / s e c ,  r e s p e c t i v e l y .  
Therefore ,  a t o t a l  impulse r e s i d u a l  which i s  not compensated f o r  by t h e  
CMC s h o r t  burn l o g i c  w i l l  cause a v e l o c i t y  r e s i d u a l  f o r  a l l  SPS burns 
of  t h i s  t y p e .  
Larger r e s i d u a l s  occur f o r  o t h e r  maneuvers whose burn t ime l i e s  i n  t h e  
range of t h e  SPS shor t  l o g i c .  Reference 4 p re sen t s  v e l o c i t y  r e s i d u a l s  
which are a func t ion  of t h e  burn t i m e  f o r  a l l  SPS burns of t h i s  t y p e  
f o r  t h e  Apollo 8 mission.  

I 

For t h i s  p a r t i c u l a r  maneuver, a 5.47-fps overburn occur s .  

The 3a devia t ion  i n  per icynth ion  a l t i t u d e  fo l lowing  t h e  f o u r t h  
t r a n s l u n a r  midcourse c o r r e c t i o n  maneuver i s  f20  n .  m i .  The e f f e c t  of 
vent ing  along t h e  v e l o c i t y  vec to r  on t h e  MSFN naviga t ion  u n c e r t a i n t i e s  
during t r a n s l u n a r  coas t  i s  t h e  primary cause of per icynth ion  u n c e r t a i n t i e s .  
A d e t a i l e d  ana lys i s  of t h e  t r a n s l u n a r  phase d i s p e r s i o n s  i s  presented  
i n  r e fe rence  2 and i s  summarized i n  t ab le  X I .  

MCC-2 

Table VI11 shows t h a t  l a r g e  middle gimbal angles  can occur  dur ing  
t h e  t r ans luna r  phase i f  t h e  launch pad REFSMMAT i s  used f o r  MCC-2 as 
a r e f e r e n c e  t o  a l i g n  t h e  PGNCS. 
two RCS Je t s .  The 3a unce r t a in ty  i n  per icynth ion  a l t i t u d e  af ter  t h e  
second t r ans luna r  midcourse c o r r e c t i o n  maneuver i s  38.6 n.  m i .  The 
l a r g e  per icynth ion  a l t i t u d e  dev ia t ion  i s  p r imar i ly  caused by t h e  
t r a n s l u n a r  vent ing . 

The maneuver presented  w a s  performed by 

MCC-3 

The l a r g e s t  maneuver r equ i r ed  f o r  t h e  t h i r d  t r a n s l u n a r  midcourse 
c o r r e c t i o n  a t  22 hours before  i s  a LOI(1) SPS minimum-impulse maneuver 
and i s  presented i n  t ab le  I X .  Even though t h e  t a r g e t  f o r  t h e  maneuver 
i s  5.34 f p s  t h e  mean incremental  v e l o c i t y  achieved i s  7.47 f p s .  
v e l o c i t y  r e s i d u a l ,  -2.13 f p s ,  occurs  because t h e  CMC s h o r t  burn l o g i c  
does not  represent  t h e  performance of t h e  SPS engine used.  Furthermore, 
a 0.14-second de lay  i n  SPS engine cu to f f  w a s  included.  The 30 dev ia t ion  
i n  per icynth ion  a l t i t u d e  a f te r  t h e  t h i r d  t r a n s l u n a r  midcourse c o r r e c t i o n  
maneuver i s  k 3 4  n.  m i .  and is  due t o  t h e  spacec ra f t  ven t ing .  

The 

MCC-4 
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LO1 (1) 

The covariance matrix given i n  t a b l e  I1 cons iders  t h e  u n c e r t a i n t y  
i n  t h e  s ta te  vec to r  a t  LOI(1) i g n i t i o n .  
t o  MSFN naviga t ion  e r r o r s  and vent ing dur ing  t h e  t r a n s l u n a r  c o a s t .  
Actual  state vec to r  d i spe r s ions  due t o  midcourse c o r r e c t i o n  e r r o r s  
are not included.  This  expla ins  t h e  d i f f e r e n c e  i n  per icynth ion  
a l t i t u d e  dev ia t ion  for t r ans luna r  MCC-4 ( t a b l e  X) and LOI(1) ( table  XII). 
The e r r o r  g iven  f o r  pe r igee  a l t i t u d e  i n  t a b l e  XI1 af te r  LOI(1) i s  
c h i e f l y  t h e  propagated e f f e c t  of t h e  i n i t i a l  s t a t e  vec to r  u n c e r t a i n t y  
caused p r imar i ly  by ven t ing .  In f a c t ,  t h e  most no tab le  t r a j e c t o r y  
d e v i a t i o n s  fol lowing t h e  LOI(1) maneuver are a r e s u l t  of t h e s e  i n i t i a l  
s ta te  vec to r  u n c e r t a i n t i e s .  However, d i s p e r s i o n s  i n  pe r igee  a l t i t u d e  
af ter  t h e  LOI(1) maneuver a r e  small enough t o  i n s u r e  a safe luna r  o r b i t .  

This  u n c e r t a i n t y  i s  due only  

LOI(2) 

Cross-axis v e l o c i t y  r e s idua l s  a r e  t h e  most s i g n i f i c a n t  e r r o r s  
occurr ing  from t h e  LOI(2) maneuver d i s p e r s i o n  a n a l y s i s  presented  i n  
table XIII. The 3a cross-axis  v e l o c i t y  e r r o r  f o r  t h i s  maneuver i s  
about 3 f p s  and i s  due t o  i n i t i a l  t h r u s t  vec to r  m i s t r i m .  

TEI  

The d i s p e r s i o n  d a t a  presented i n  t a b l e  XIV i s  for t h e  t r a n s e a r t h  
i n j e c t i o n  maneuver (TEI). This  maneuver appears  t o  be most s e n s i t i v e  
t o  in-plane v e l o c i t y  e r r o r s .  The i n e r t i a l  v e l o c i t y  e r r o r  i s  approximately 
t h e  same as t h e  in-plane incremental  v e l o c i t y  e r r o r .  

Transear th  Phase 

Four t r a n s e a r t h  midcourse c o r r e c t i o n  maneuvers are  presented  i n  
The t a r g e t s  used were determined by t a r g e t i n g  t a b l e s  XV through XVIII. 

3a d i spe r sed  t r a n s l u n a r  t r a j e c t o r i e s  t o  a nominal e n t r y  f l i g h t - p a t h  
ang le  of -6.249'. 
t r a n s e a r t h  midcourse c o r r e c t i o n  maneuvers are i n  t h e  r e s u l t i n g  e n t r y  
f l i g h t - p a t h  ang le .  

The most s i g n i f i c a n t  d i spe r s ions  f o r  a l l  of t h e  

After t h e  f i r s t  t r a n s e a r t h  midcourse maneuver ( table  X V ) ,  t h e  3a 
d e v i a t i o n  i n  e n t r y  f l i gh t -pa th  angle  i s  2.48", which i s  o u t s i d e  of t h e  
e n t r y  c o r r i d o r  (-5.7' t o  -7.3'). The 3a d e v i a t i o n  i n  e n t r y  f l i g h t - p a t h  
angle  for t h e  second t r a n s e a r t h  midcourse maneuver ( table  X V I )  i s  2.08', 
which i s  s t i l l  o u t s i d e  t h e  en t ry  c o r r i d o r .  Af t e r  t h e  t h i r d  t r a n s e a r t h  
midcourse maneuver ( t a b l e  XVII), t h e  30 d e v i a t i o n  i n  e n t r y  f l i g h t - p a t h  
ang le  i s  +0.67',  which i s  wi th in  t h e  e n t r y  c o r r i d o r .  Also,  a f t e r  t h e  
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f o u r t h  t r a n s e a r t h  midcourse maneuver ( table  XVIII), t h e  30 dev ia t ion  
i n  e n t r y  f l i gh t -pa th  ang le  of +0.15g0 i s  w e l l  w i t h i n  t h e  e n t r y  c o r r i d o r .  

The i n e r t i a l  v e l o c i t y  a t  en t ry  i n t e r f a c e  (400 000-ft a l t i t u d e )  
ranges from 36 067 f p s  t o  36 075 f p s  i n  t h e  worst ca se .  A d e t a i l e d  
a n a l y s i s  of t h e  t r a n s e a r t h  d i s p e r s i o n s  i s  presented  i n  r e fe rence  2 ,  
and is  summarized i n  t a b l e  XX. 

The d i spe r s ion  a n a l y s i s  of t h e  r e e n t r y  phase presented  i n  t a b l e  X I X  
shows t h a t  t h e  3a dev ia t ion  down range from t h e  nominal landing  po in t  
i s  k 6 . 3  n .  m i .  
d e t a i l e d  r e e n t r y  d i spe r s ions  are presented  i n  r e fe rence  5 .  

The 30 cross-range dev ia t ion  i s  k5.6 n .  m i .  More 

CONCLUSIONS 

A s  a r e s u l t  of t h i s  d i spe r s ion  a n a l y s i s  it can be concluded t h a t  

1. Veloci ty  r e s i d u a l s  w i l l  occur f o r  SPS shor t  burns i n  t h e  range 
of from 1 t o  6 seconds because t h e  CMC does not adequately model t h e  
t o t a l  impulse of t h e  SPS engine used.  
of  burn t i m e .  

These r e s i d u a l s  are  a func t ion  

2.  The e f f e c t s  of continuous spacec ra f t  ven t ing  along t h e  v e l o c i t y  
vec to r  on t h e  MSFN naviga t ion  u n c e r t a i n t i e s  dur ing  t r a n s l u n a r  f l i g h t  
cause l a r g e  dev ia t ions  i n  per icynth ion  a l t i t u d e .  

3. Dispersions i n  per igee  a l t i t u d e  fol lowing LOI(1) are small 
enough t o  insure  a safe luna r  o r b i t .  

4. The 30 f l i gh t -pa th  angle  and i n e r t i a l  v e l o c i t y  a t  e n t r y  
i n t e r f a c e  a r e  w e l l  w i th in  t h e  e n t r y  c o r r i d o r .  

5 .  The 30 range of landing  po in t  d i spe r s ions  i s  k 6 . 3  n .  m i .  
down range and 25.6 n .  m i .  c ros s  range .  
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TABLE VI.- TRANSLUNAR TNJECTION DISPERSIONS 

Parameter (geocentric) 

Inertial velocity, fps 

Radius, ft 

Flight-path angle, deg 

Inclination, deg 

Longitude of descending node, deg 

Perigee altitude, n. mi. 

Apogee altitude, n. mi. 

Argument of perigee, deg 

Time at TLI, sec g.e.t. 

Nominal 

35 555.90 

21 998 516.00 

7.21 

34.19 

123.85 

118.10 

291 770.00 

153.35 

15 854.69 

t30 deviation 

+43.50 
-38.01 

+43 074.00 
-49 933.00 

+o. 483 
-0.549 
+o. 129 
-0.120 

+O. 150 
-0.120 

-3.36 
+10 529.00 

+1. a9 

-13 751.00 
+O. 30 
-0.39 
+lo. 32 
-13.38 
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t 

TABLE VIIS- TRANSLUNAR MCC-1 DISPERSIONS 

[ SPS maneuver 3 

Parameter (geocentric) 

Inertial velocity, fps 

Altitude, ft 

Flight-path angle, deg 

Inclination, deg 

Right ascension of ascending node, n. mi. 

Pericynthion altitude, n. mi. 

SPS propellant used for burn, lb 

Cumulative SPS propellant used for burns, lb 

Cumulative RCS propellant used for burns, lb 

Burn time, sec 

Sensed AVx , fps 

Sensed AV , fps 

Sensed AV , fps 

Sensed AV magnitude, fps 

V residual , fps 

V ,residual , fps 

residual , fps 

a 

a 

a 
Y 

b 

b 

b 

g ( X )  

g(Y) 

v g ( Z )  

Inner gimbal angle, deg 

Middle gimbal angle, deg 

Outer gimbal angle, deg 

Mean 

9206.25 
2.5959 x lo8 

72.080 
30.398 
141.59 
60.30 
539.26 
539.26 
0.000 

8.11 
67.21 

-4.37 

55.76 

87.44 
0.08 

-0.04 

-0.05 

-154.67 
-6.74 
-2.07 

30 deviation 

1.71 

84.90 
0.009 
0.039 
0.00 

72.21 
8.73 
8.73 
0.00 

0.15 

1.08 

0.24 

0.84 

1.32 

1.32 

1.87 

1.71 

0.51 

0.54 
-0.57 

a 

bV 

Accumulated AV in local vertical, local horizontal coordinates. 

residuals in spacecraft control axis coordinates. 
g 
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T A B L E  V I I 1 . -  TRANSLUNAR MCC-2 DISPERSIONS 

[ R C S  maneuver] 

Parameter ( g e o c e n t r i c  1 

I n e r t i a l  v e l o c i t y ,  f p s  

A l t i t u d e ,  f t  

F l i g h t - p a t h  angle ,  deg 

I n c l i n a t i o n ,  deg 

Right a scens ion  of  ascending node, deg 

Pe r i cyn th ion  a l t i t u d e ,  n .  m i .  

R C S  p r o p e l l a n t  used f o r  bu rn ,  l b  

Cumulative SPS p r o p e l l a n t  used for burns ,  l b  

Cumulative R C S  p r o p e l l a n t  used f o r  bu rns ,  l b  

Burn t i m e ,  s ec  

Sensed AVx , f p s  

Sensed AV , f p s  

Sensed AV , f p s  

Sensed OV magnitude, f p s  

V g(x) r e s i d u a l  , fPs  

V r e s i d u a l  , f p s  

r e s i d u a l  , f p s  V 

Inne r  gimbal ang le ,  deg 

Middle gimbal a n g l e ,  deg 

Outer gimbal ang le ,  deg 

a 

a 

a 
Y 

Z 

b 

b 

b 
g(Y) 

g ( Z )  

Mean 

4925.19 
6.85494 x IO5 

77.297 
31.445 

60.30 

539.26 

37.94 

142.20 

27.41 

27.41 

3.04 

0.20 

2.44 

3.92 
0.00 

0.00 

0.00 

148.19 
48.02 
79.87 

30 d e v i a t i o n  

0.78 
50.25 
0.009 
0.041 
0.03 

38.64 
6.03 
8.73 
6.03 
8.43 
0.90 

0.75 

0.81 

0.87 
0.00 

0.00 

0.00 

19.05 
13.59 
14.55 

a 

bV 

Accumulated AV i n  l o c a l  v e r t i c a l ,  l o c a l  h o r i z o n t a l  c o o r d i n a t e s .  

r e s i d u a l s  i n  s p a c e c r a f t  c o n t r o l  a x i s  c o o r d i n a t c s .  
R 
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a 
Y 

0 

TABLE IX .- TRANSLUNAR MCC-3 DISPERSIONS 

[ SPS maneuver ] 

Parameter  ( g e o c e n t r i c )  

I n e r t i a l  v e l o c i t y ,  f p s  

A l t i t u d e ,  f t  

F l igh t -pa th  a n g l e ,  deg 

I n c l i n a t i o n ,  deg 

Right  a scens ion  of ascending node, deg 

Pe r i cyn th ion  a l t i t u d e ,  n .  m i .  

SPS p r o p e l l a n t  used for burn ,  l b  

Cumulative SPS p r o p e l l a n t  used for burns,  l b  

Cumulative RCS p r o p e l l a n t  used for burns,  l b  

Burn t i m e ,  s e c  

Sensed AV , f p s  

Sensed AV , fps  

Sensed AV , f p s  

Sensed AV magnitude, f p s  

V g:(x)  r e s i d u a l  , f p s  

r e s i d u a l  , f p s  V 

r e s i d u a l  , f p s  V 

I n n e r  gimbal ang le ,  deg 

Middle gimbal a n g l e ,  deg 

Outer  gimbal a n g l e ,  deg 

a 

a 

a 

X 

Y 

Z 

b 

b 

b 
g(Y) 

K : ( Z )  

Mean 

3 616.70 
159 373.32 

Not c a l c u l a t e d  

Not c a l c u l a t e d  

Not c a l c u l a t e d  

60.30 

52.15 
591.41 

27.41 

0.64 

7.47 

0.00 

0.00 

7.47 
-2.13 

0 .oo 

0 .oo 

Not c a l c u l a t e d  

Not c a l c u l a t e d  

Not c a l c u l a t e d  

30 d e v i a t i o n  

1.02 

0.00 

Not c a l c u l a t e ?  

Not c a l c u l a t e c  

Not c a l c u l a t e c  

33.90 
8.01 

6.03 
0.00 

1.02 

17.04 

0.00 

0 .00 

1.02 

1.04 C 

0 .oo 

0.00 

Not ca l cu la t ec  

Not ca l cu la t ec  

Not ca l cu la t ec  

a Accumulated AV i n  l o c a l  v e r t i c a l ,  l o c a l  h o r i z o n t a l  c o o r d i n a t e s .  

bV r e s i d u a l s  i n  s p a c e c r a f t  c o n t r o l  ax i s  c o o r d i n a t e s .  
g 

Computed from minimum impulse curves  g iven  i n  r e fe rence  3; a l s o  inc ludes  c 

0. 14-second de lay  i n  engine c u t o f f  (PRELIMINARY DATA) .  
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TABLE X . -  TRANSLUNAR MCC-4 PTSPRRSIONS 

[ SPS maneuver ] 

Parameter ( s e l e n o c e n t r i c  ) 

I n e r t i a l  v e l o c i t y ,  f p s  

U t i t u d e ,  f t  

? l i g h t - p a t h  ang le ,  deg 

I n c l i n a t i o n ,  deg 

Right a scens ion  of ascending node, deg 

Pe r i cyn th ion  a l t i t u d e ,  n .  m i .  

3PS p r o p e l l a n t  used f o r  bu rn ,  lb 

2umulative SPS p r o p e l l a n t  used f o r  b u r n s ,  lb 

Cumulative R C S  p r o p e l l a n t  used f o r  bu rns ,  lb 

Burn t i m e ,  s e c  

Sensed AV , fps  

Sensed AV , fps  

Sensed AV , f p s  

Sensed AV magnitude, f p s  

r e s i d u a l  , fps  V 

v ; r e s i d u a l  , f p s  

V g ( z )  r e s i d u a l  , f p s  

Inne r  gimbal a n g l e ,  deg 

Middle gimbal ang le ,  deg 

Outer gimbal ang le ,  deg 

a 

a 

a 

X 

J- 

b 

b 

b 

g ( x )  

g(Y 

~~~ 

Mean 

3 964.18 
20 351.91 

Not c a l c u l a t d  

Not c a l c u l a t e d  

Not ca l cu la t  6.d 

60.30 

794.37 

3.?4 
6.14 

202.91 

27.41 

-21.35 

-24.40 

32.88 

-5.47 C 

0.02 

0.12 

Not c a l c u l a t e d  

riot c a l c u l a t e d  

Not c a l c u l a t e d  

~ 

30 d e v i a t i o n  

Not 

Not 

Not 

Not 

Not 

1 . 1 5  
0.00 

: a l cu la twl  

c a l c u l a t e d  

c a l c u l a t e d  

20.10 

4.50 

21 .54  

6 .03  

0 .oo  
1 . 2 0  

1 . 3 5  

1 .35  

1 .35  

1 . 3 5  

0.00 

0.00 

c n l c u l a t e c  

c a l c u l a t e r  

Not c a l c u l a t e c  

a 

bV 

' Includes t a i l o f f  impulse = 1 0  500 lb-second and a l s o  a 0.14-second d e l a y  

Accumulated A V  i n  l o c a l  v e r t i c a l ,  l o c a l  h o r i z o n t a l  coordina'es 

r e s i d u a l s  i n  s p a c e c r a f t  c o n t r o l  a x i s  c o o r d i n a t e s  ~ 

f 

i n  SPS engine c u t o f f  (PRELIMINARY D A T A ) .  



. 
TABLE XI. - SUMMARY OF TRANSLUNAR PHASE DISPERSION RESULTS" 

Maneuver 
Dispersions 

Percent SPS maneuvers performed 

SPS AV ( 3 ~ 1 ,  fps 

SPS burn time ( 3 a ) ,  sec 

Percent R C S  maneuvers performed 

Percent RCS trims performed 

Percent no maneuvers performed 

RCS AV ( 3 ~ 1 ,  fps 

R C S  burn time ( 3 u ) ,  sec 

Pericynthion altitude ( 3 u ) ,  n. mi. 

MCC-1 

95 

87.45 

8.11 

4 

72 

1 

4.65 

50.97 

72.10 

MCC-2 

0 

0 

0 

46 

0 

54 

3.89 

37.94 

38.64 

MCC-3 
1 . 5  

5.34 

0.64 

80 

1 . 5  

18.5 

4.64 

45.66 

33.90 

MCC-4 

55.5 

28.71 

3.34 

44 .5  

55.5 

0 

4.78 

53.40 

20.10 

I 

a 
Summary of results of end-to-end dispersion analysis 

given in reference 2. 
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TABLE XI1 . - LO1 (1) D1SPER:;IONS 

[ SPS maneuver 3 
~ ~~~ -~ 

Parameter (selenocentric) 

Inertial velocity, fps 

Altitude, ft 

Flight-path angle, deg 

Inclination, dep 

Right ascension of ascendinp node, dep 

Perigee altitude, n. mi. 

Apogee altitude, n. mi. 

Semimajor axis, ft 

SPS propellant used for burn, lb 

Cumulative SPS propellant used for burns, lb 

Cumulative RCS propellant used for burns, lb 

Spacecraft weight, lb 

Burn time, sec 

Sensed AV , fps 

Sensed AV , fps 

Sensed AV , fps 

Sensed AV magnitude, fps 

a 

a 

a 

X 

Y 

b 

b 

residual , fps V 

V residual , fps 

V a ( z )  sidual , fps 

Inner gimbal angle, deg 

Middle gimbal angle, deg 

Outer gimbal angle, deg 

g(x) 

E ( Y )  
b 

Mean 

5 481.83 
358 h24.0'1 

-0.36 
146.31 

187.H5 

58.59 
168.65 

6 ~ g ?  759:io 
16 042.06 
16 836.38 

27. 41 
46 584.71 

241.11 
-2 953.33 

232.73 

-411.43 

2 990.88 
-0.04 

0.00 

0.00 

-165.01 
6.92 

-179.50 

30 deviation 

14.37 
24 572.67 

0 . o g  

0.180 

0.87 
3.93 
5.43 

24 833.01 
80.97 

6.03 
1h2. O? 
2.46 
5.10 

7 .  71 

6.48 

5.10 

102.51 

1.65 

0.00 

0.00 

0.09 

0.09 

0.51 

Accumulated AV in local vertical, local horizontal coordin:ites , a  

bV residuals in spacecraft control axis coordinates. 
g 
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TABLE XII1.- LOI(2) DISPERSIONS 

[ SPS maneuver 3 

Parameter (selenocentric) 

Inertial velocity, fps 

Altitude, ft 

Flight-path angle, deg 

Inclination, deg 

Right ascension of ascending node, deg 
Perigee altitude, n. mi. 

Apogee altitude, n. mi. 

Semimajor axis, ft 

SPS propellant used for burn, lb 

Cumulative SPS propellant used for burns, lb 
Cumulative RCS propellant used f o r  burns, lb 

Spacecraft weight, lb 

Burn time, sec 

Sensed AVx , fps  

Sensed AV fps 

Sensed AVz , fps 

Sensed AV magnitude, fps 
V residual , fps 

V residual , fps 

V residual , fps 

Inner gimbal angle, deg 

Middle gimbal angle, deg 

Outer gimbal angle, deg 

a 

a 

a 
Y ’  

b 

b 

b 

g b )  

g(Y) 

g ( z )  

Mean 

5 344.09 
358 691.24 

0.006 
146.307 
187.91 
58.26 
59.35 

6 059 703.30 
633.66 

17 470.04 
27.41 

45 930.79 
9.53 

-138.51 

0.00 

-1.22 

138.52 
-0.01 

-0.01 

0 . 0 5  

-0.01 

0.00 

o.on 

~~ ~~ 

30 deviation 

5.65 

0.069 
5 924.82 

0.270 
0.09 
1.62 
1.05 

5 740.29 
9.12 

111.63 
6.03 

167.07 

1.80 
0.15 

0.33 

0.30 

1.80 
1.80 

2.28 

2.25 

0.39 
0.39 
0.03 

Accumulated AV in local vertical, local horizontal coordinstes. a 

bV residuals in spacecraft control axis coordinates. 
g 
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TABLE X 1 V . -  T E I  DISPERSIONS 

[ SPS maneuver 3 

Parameter ( s e l e n o c e n t r i c )  
~ 

I n e r t i a l  v e l o c i t y ,  f p s  

A l t i t u d e ,  f t  

F l igh t -pa th  a n g l e ,  deg 

I n c l i n a t i o n ,  deg 

Right a scens ion  of  ascending node, deg 

SPS p r o p e l l a n t  used f o r  burn, l b  

Cumulative SPS p r o p e l l a n t  used f o r  bu rns ,  lb 

Cumulative RCS p r o p e l l a n t  used for burns ,  l b  

Spacec ra f t  weight ,  l b  

Burn t i m e ,  sec 

Sensed AV , f p s  

Sensed AV , f p s  

Sensed AVz , f p s  

Sensed AV magnitude, fps  

V r e s i d u a l  , f p s  

V r e s i d u a l  , f p s  

v g ( z )  r e s i d u a l b ,  YDS 

Inne r  gimbal a n g l e ,  deg 

Middle gimbal a n g l e ,  deg 

Outer gimbal a n g l e ,  deg 

a 

a 

a 

X 

Y 

b 

b 
g ( x )  

t 5 ( Y )  

Plt : x i  

8 10PJ .  .'1 

376 616.25 

1.492 
11J6.590 

188.22 

11 178.9? 
28 648.96 

27.41 

34 4811.21 
168.02 

2 820.55 

20.98 

117.41 

? 837.95 
-0.12 

0.00 

0.00 

42.05 

0.67 

-0.09 

3u d e v i a t i o n  

7.32 

5382.72 
0.078 

0.195 
0.33 

63.45 
175.08 

6.03 

140.64 

1.74 

4.02 

9.96 

6.78 

:.9< 
? . ' ?  

0.00 

0 .00  

0.06 

0.00 

0.36 

Accumulated AV i n  l o c a l  v e r t i c a l ,  l o c a l  h o r i z o n t a l  coord i n ? t r s .  a 

bV r e s i d u a l s  i n  s p a c e c r a f t  c o n t r o l  axis c o o r d i n a t e s .  g: 

Y 
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TABLE XV.- TRANSEARTH MCC-1 DISPERSIONS 

[ RCS maneuver ] 

Parameter ( selenocentric) 

Inertial velocity, fps 

Altitude, ft 

Flight-path angle, deg 

Inclination, deg 

Right ascension of ascending node, deg 
Entry flight-path angle, deg 

RCS propellant used for burn, lb 

Cumulative SPS propellant used for burns, lb 
Cumulative RCS propellant used fo r  burns, lb 

Burn time, sec 

Sensed AV , fps 

Sensed AVv , fps 

Sensed AV , fps 

Sensed AV magnitude, fps 

V residual , fps 
V , residual , fps 

V residual , fps 
Inner gimbal angle, deg 

Middle gimbal angle, deg 

Outer gimbal angle, deg 

a 

a 

a 

X 

Z 

b 

b 

b 

R ( X )  

g(Y> 

g(z) 

Mean 

3 443.51 
1.2165 x io€ 

83.998 
146.646 
188.12 
-6.249 
39.75 

28 648.96 
67.16 
55.01 
-4.15 

0.88 

-9.31 

10.24 

0.00 

0.00 

0.00 

24.37 
5.51 

-168.83 

30 deviation 

1.14 
16.20 
0.018 

0.153 
0.27 
2.481 
4.44 

175.08 

6.12 
10.47 

1.11 

1.32 

1.44 

1.44 
0.00 

0.00 

0.00 

6.84 
7.74 
0.72 

Accumulated AV in local vortical, local horizontal coordinates. . a  

bV residuals in spacecraft control axis coordinates. 
g 
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TABLE XV1.- TRANSEARTH MCC-2 UTSPERSIONS 

[ R C S  maneuver 1 

Parameter ( g e o c e n t r i c )  

I n e r t i a l  v e l o c i t y ,  f p s  

A l t i t u d e ,  f t  

F l igh t -pa th  ang le ,  deg 

l n c l i n a t  i o n  , deg 

Right a scens ion  of ascending node, deg 

Entry f l i g h t - p a t h  a n g l e  , deg 

RCS p r o p e l l a n t  used f o r  bu rn ,  l b  

Cumulative SPS p r o p e l l a n t  used for b u r n s ,  lb 

Cumulative RCS p r o p e l l a n t  used for burns ,  l b  

Burn t i m e ,  s e c  

Sensed AV fps  

Sensed AV , fps  

Sensed AVz , fps  

Sensed AV magnitude, f p s  

r e s i d u a l  , f p s  V 

V r e s i d u a l  , f p s  

r e s i d u a l  , fps  V 

Inne r  gimbal ang le ,  deg 

Middle gimbal ang le ,  deg 

Outer gimbal ang le ,  deg 

a 
x '  
a 

Y 
a 

b 

g ( x )  b 

g(Y) b 
g ( z )  

Mean 

2 750.77 
1.010913 x lo9 

-75.319 
26.628 

?.22 

-6.2149 

11.47 
28 648.96 

So. 63 
18.65 

3.47 

-0 .01  

-0 .00  

3.47 
0 .00  

0.00 

0.00 

-150 -75 
-5 .91  

175.37 

3a d e v i a t i o n  

0.36 

15.27 
0.009 

0.033 

0 . 0 3  

7.079 
1 . 4 4  

375.08 
11.91 
2.04 

0.36 

0.4? 

ii .36 

0.36 
0 . 0 0  

0.03 

0 . 0 3  

7.29 

8.07 

0.75 

' aAccumulated AV i n  l o c a l  v e r t i c a l ,  l o c a l  h o r i z o n t a l  coord i w i t (  s . 

'V r e s i d u a l s  i n  s p a c e c r a f t  c o n t r o l  a x i s  c o o r d i n a t e s .  
t3 
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. 

e 

TABLE XVI1.- TRANSEARTH MCC-3 DISPERSIONS 
c 

[ RC S maneuver 1 

Parameter ( g e o c e n t r i c  1 

I n e r t i a l  v e l o c i t y ,  f p s  

A l t i t u d e ,  ft 

F l i g h t - p a t h  a n g l e ,  deg 

I n c l i n a t i o n ,  deg 

Right  a scens ion  of  ascending node, deg 

En t ry  f l i g h t - p a t h  a n g l e ,  deg 

RCS p r o p e l l a n t  used f o r  burn ,  lb 
Cumulative SPS p r o p e l l a n t  used f o r  burns ,  l b  

Cumulative RCS p r o p e l l a n t  used f o r  burns ,  lb 

Burn t i m e ,  s ec  

Sensed AV , f p s  

Sensed AV , f p s  

Sensed A’.’ , f p s  

Sensed AV magnitude, f p s  

a 

a 

a 

X 

Y 

Z 

b 

b 

b 

V r e s i d u a l  , f p s  

V r e s i d u a l  , f p s  

V r e s i d u a l  , f p s  

g ( x )  

g ( Y )  

g ( z )  

I n n e r  gimbal a n g l e ,  deg 

Middle gimbal a n g l e ,  deg 

Outer gimbal ang le ,  deg 

Mean 

4 p49.01 
7.2575 x lo8 

-76.182 
26.619 

-6.249 
10.91 

28 648.96 
91.54 
15.10 

2.25 

2.81 

-0.01 

0.01 

2.81 

0.00 

0.00 

0.00 

-145.79 
-6.25 
175.93 

3a d e v i a t i o n  

0.30 
14.44 
0.003 

0.021 
0.00 

0.669 
1.17 

175.08 

1.65 
13.05 

0.30 

0.36 

0.30 

0.30 
0.00 

0.00 

0.00 

6.63 
7.77 
0.72 

a Accumulated AV i n  l o c a l  v e r t i c a l ,  l o c a l  h o r i z o n t a l  c o o r d i n a t e s .  

bV r e s i d u a l s  i n  s p a c e c r a f t  c o n t r o l  a x i s  coord ina te s .  
F: 



TABLE X V I I I  .- TRANSEARTH MCC-4 DISPERSIONS 

[RCS maneuver] - 
. ,  Parameter ( g e o c e n t r i c  ) 

I n e r t i a l  v e l o c i t y  , f p s  

A l t i t u d e ,  f t  

F l igh t -pa th  ang le ,  deg 

I n c l i n a t i o n ,  deg 

Right  a scens ion  of ascendinp node, deg 

Entry v e l o c i t y ,  f p s  

Entry f l i g h t - p a t h  a n g l e ,  deg 

RCS p r o p e l l a n t  used f o r  bu rn ,  lb 

Cumulative SPS p r o p e l l a n t  used for burns ,  lb 

Cumulative RCS p r o p e l l a n t  used f o r  b u r n s ,  l b  

Burn t i m e ,  s e c  

Sensed AV , Tps 

Sensed AV f p s  

Sensed AV , f p s  

Sensed AV magnitude, f p s  

r e s i d u a l  , f p s  V 

V e ( y )  r e s i d u a l  , f p s  

r e s i d u a l  , f p s  

i n n e r  gimbal ang le ,  deg 

Middle gimbal ang le ,  deg 

Outer gimbal ang le ,  deg 

a 

a 

a 

X 

Y ,  

Z 

b 

g ( x )  b 

b 
vg(Z) 

- 

Mean ' 

14 025.33 

1.0909 x l o 8  
-65.205 

26.611 

2.28 

36 070.98 

-6.249 

25.19 
28 648.96 

116.73 

34.86 

6 .48  

-0.00 

-0.00 

6.48 

0 .00  

0.00 

0.00 

126.60 

15.72 

103.93 

. .. . .  

30 d e v i a t i d n  

0.78 
35.61 

0.003 

0.006 

0.000 

3.93 
0 159 
2.85 

175.08 
15.90 

4.02 

n.72 

0.69 

0.8h 

0 .72  

0.00 

0.00 

0.00 

7.11 

8.10 

1 . 9 5  

. a  Accumulated AV i n  l o c a l  v e r t i c a l ,  l o c a l  h o r i z o n t a l  c o o r d i n a t e s .  

bVg r e s i d u a l s  i n  s p a c e c r a f t  q o n t r o l  a x i s  c o o r d i n a t e s .  
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c 

Deviat ions i n  nominal landing po in t  

Down-range dev ia t ion ,  n .  m i .  . . . . . . . . . . .  6.30 

Cross-range dev ia t ion ,  n.  m i .  . . . . . . . . . .  5.61 . 

TABLE XIX. - REENTRY DISPERSIONS" 

TABLE xx.- SUMMARY OF TRANSEARTH PHASE DISPERSIONS RESULTS~ 

5 

.f 

- 

Dispers ions  

Percent  SPS maneuvers performed 

SPS AV, f p s  (+ u l l a g e )  

SPS burn time, sec 

Percent  RCS maneuvers performed 

Percent  RCS t r i m s  

Percent  no maneuvers performed 

RCS AV (301, fPs  

RCS burn t i m e  ( 3 ~ 1 ,  sec  

Entry f l i g h t - p a t h  angle  ( 3 u ) ,  deg 

MCC-1 

- 5  
12 .01  

0.40 

55 
- 5  

44.5 

10.53 
55.01 

2.48 

Maneuver 

MCC-2 

0 

0 

0 

15.5 
0 

84.5 
4 . 1 1  

22.12 

2.08 

MCC-3 

0 

0 

0 

46 
0 

54 
3.95 

21.26 
0.67 

MCC-4 
~ ~. - 

0 

0 

0 

62 
0 

38 
8.09 

43.47 
0.16 

~- 
a 

bSummary of r e s u l t s  of  end-to-end d i spe r s ion  a n a l y s i s  

Reference 5.  

given i n  re ference  2.  
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